cognitive ability and other intelligence factors. Future research will involve determining the relationship between NLGN4 and personal cognitive ability.
Introduction
Intelligence and cognitive ability are characteristic multifactorial traits, which are influenced by genetic factors. They are highly heritable and are affected by environmental factors [1] . Cognitive ability according to Spearman [2, 3] is composed of a general (g) and several specific factors (s) . The ' g' factor is involved in all aspects of cognitive ability and can be assessed by using the appropriate psychometric test batteries and follows a normal distribution.
Human cognitive ability has a strong genetic base. Its heritability varies from 40 to 80% [1, 4] and increases linearly from childhood to young adulthood [5] . A large number of genes can influence human cognitive ability [6] , and a number of candidate genes have been identified. Some of them have been demonstrated to play an important role in the survival and development of neurons, and in the establishment and maintenance of synapse functions during development.
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Neurocognition ؒ Genetics ؒ Analysis of variance ؒ Haplotype ؒ Intelligence factors Abstract Neuroligin-4 (NL4), encoded by the NLGN4 gene on the X chromosome, is a neuronal-specific brain membrane protein which plays an important role in the formation of functional presynaptic elements and axon specialization. The genetic variants of NLGN4 affect the biological function of NL4, resulting in the manifestation of different psychiatric disorders. The present study investigates the influence of these genetic variants on cognitive performance. The cognitive abilities of 351 subjects were evaluated using the Chinese Wechsler Intelligence Scale Children. The haplotypes were assigned with the PHASE program. The ANOVA method was applied to investigate the relationship between single SNP, the identified target haplotypes and cognitive performance in a random sample. We observed that the X C allele of rs5916271 and X A allele of the re6638575 carriers had significantly higher cognitive ability performances than the noncarrier boys (p ! 0.05). The target haplotype composed of 2 allele (X CA+ ) carriers also displayed a higher cognitive performance than that of the noncarriers boys. The genetic polymorphism of NLGN4 also had a significant effect on the boys' Neurexins and neuroligins (NLGNs) are arguably the best-characterized synaptic cell adhesion molecules and they are the only ones for which a specifically synaptic function has been established [7, 8] . They probably function by binding to each other and by interacting with intracellular proteins, although the precise mechanisms involved and their relationship to synaptic transmission remain unclear [9] .
Mammals express 4 genes encoding NLGNs, with NLGN3 and NLGN4 in humans localized to the X chromosome. Recent studies have identified mutations in the genes encoding NLGN4 as a cause of autism spectrum disorders, Tourette's syndrome, learning disability and/ or schizophrenia [10] [11] [12] [13] [14] [15] . A positive association between the genetic variants of NLGN4 and nonspecific mental retardation children of the Qinba region in China was also demonstrated in our previous study [16] . The description of the various mutations in NLGN4 seems to provide overwhelming evidence for a role of this gene in cognitive diseases. However, few reports discussed whether these genetic variants of NLGN4 have an effect on the cognitive ability of the individuals and whether they influence gender differences in cognitive abilities in the normal population.
In the present study, we assess the effects of genetic variants in the NLGN4 gene on the childrens' cognitive ability. We used the analysis of variance (ANOVA) method on a random population in the Qinba region in China.
Materials and Methods

Participants
All subjects were recruited from the Qinba region of the Shaanxi province (Western China). The region is closed and isolated because of its difficult living conditions (average elevation 750-1,500 m). According to the random principle, 1 600 unrelated children (6-14 years) without clinical disorders/disabilities or history of genetic diseases were chosen from 7,487 children based on household registration cards of several villages in the Qinba region. From the 600 unrelated children initially chosen, we only got 351 whose DNA samples and cognitive ability performances were both available. All subjects were informed and consents were obtained from their parents or guardians. The protocol was reviewed and approved by the ethics committee of the National Human Genome Center. All subjects were of Han Chinese origin.
Cognitive Testing
All subjects in our study received a battery of standardized cognitive measures as indicated by the Chinese Wechsler Intelligence Scale Children (C-WISC). The C-WISC is a revised edition of the Wechsler Intelligence Scale for Children-Revised (WISC-R) by Gong and Cai in 1993 [17] . It is the most widely used individually administered measure of intelligence in children and adolescents among the Chinese people. The C-WISC contains 11 subtests, which comprise information, similarities, arithmetic, vocabulary, comprehension, digit span, picture completion, picture arrangement, block design, object assembly, and coding/ maze. Previous analytical studies applying the C-WISC also involved tests using demonstrative schemes such as verbal comprehension (VC), perceptual organization (PO) and memory/concentration ability (MC). The individual's general cognitive ability (g) and factors (including VC, PO and MC) can be assessed by using the full scale of C-WISC and evaluated by certain subtests [18] . The assessments are administered by a trained tester assigned to an individual subject.
Variant Identification and Genotyping
Genomic DNA was extracted from peripheral blood mononuclear cells using a modified standard phenol/chloroform extraction method and stored at -20 ° C for genotyping. NLGN4 harbors 19 single-nucleotide polymorphisms (SNPs) (mean distance = 826 bp) in X chromosomal positions 5685-5667 kb. There were 5 targeted SNPs (rs5916271, rs7049300, rs6638575, rs3810686 and rs1882260) with minor allele frequency 1 5% in the CHB + JPT population (JPT: Japanese in Tokyo, Japan; CHB: Han Chinese in Beijing, China) identified by using data from the Hap Map Genome Browser (phase 3) (http://www.hapmap.org/ cgi-perl/gbrowse ) and Haploview 4.0 software [19] . The 5 SNPs were identified in the same block by high intermarker LD using Haploview software with the default (D 1 0.80) set to the solid spine method. This insured a higher heterozygosity and strong LD among the 5 SNPs. The rs5916271 SNP was located in intron 4, rs7049300 in exon 5, rs5538575 in intron 5, rs3810686 in the 3 UTR region and rs1882260 in the 3 UTR region of exon 6 ( fig. 1 ).
The rs5916271, rs7049300 and rs1882260 SNPs were genotyped using the restriction fragment length polymorphism (RFLP) method. Polymerase chain reaction single strand conformation polymorphism (SSCP) and sequence analysis methods were used to genotype the rs6638575 and rs3810686 SNPs. PCR products were digested with the appropriate restriction enzymes for the RFLP method or denatured by using the following buffer (95% formamide, 0.025% xylene-cyanole, 0.025% bromophenol blue, 10 m M EDTA, pH 8.0) at 97 ° C for 5 min and snapchilled on ice for at least 10 min. The samples were then loaded onto 11% nondenaturing polyacrylamide gels (29: 1 acrylamide to bisacrylamide) containing 0.5 ! TBE (0.045 M Tris-borate, 0.001 M EDTA, pH 8.0). Electrophoresis was kept at a constant temperature (4 ° C) with a cooling unit and was carried out in a vertical unit at 11 V/cm for 15 h. The individual's genotype was confirmed by silver staining and gel imaging with a Bio-Rad imaging instrument. Randomly selected PCR products that exhib-ited different migration patterns on gels were selected for sequencing to confirm their polymorphisms and genotypes.
To check for genotyping errors, 10 DNA samples were randomly selected from each SNP result and regenotyped by the sequencing method. Additionally, genotypic samples which failed to sequence by RFLP or SSCP methods were regenotyped. After performing these methods, we observed that all genotypes were identical to those obtained from the first round of genotyping.
Procedure
According to the double-blind trial principle, a research group made up of geneticists was blinded to the subjects' characteristics (the 5 SNP polymorphisms of the NLGN4 gene identified using PCR-SSCP, PCR-RFLP and sequencing methods). Another research group, consisting of experienced psychologists who were blinded to the subjects' genotypes, evaluated the cognitive abilities of each child. Our study consisted of 351 children, including 175 girls (9.29 8 2.26 years) and 176 boys (9.29 8 2.25 years), whose complete cognitive scores and the genotyping information were readily available at the time of the study.
Statistical Analysis
Microsoft Visual Foxpro 9.0 and SPSS 16.0 (SPSS Inc., Chicago, Ill., USA) was used for data analysis and for performing statistical analysis. The Kolmogorov-Smirnov method was appplied to calculate the deviation from normal distribution of the children's cognitive performance. The F test was used to compare the boy and girl groups. PHASE (2.1) was utilized to estimate haplotype frequencies, using an algorithm method to calculate maximum likelihood estimates of haplotype frequencies given a geno- Fig.1 . Schematic picture of the haploblock structure of NLGN4 and flanking regions of its fifth and sixth exons in the CHB + JPT sample (chromosomal region spanning from positions 5685 kb to 5667 kb, 19 SNPs) in Haploview. The haploblock structure was generated using solid spine of linkage disequilibrium (LD), with the default setting of D >0.80. Five of the SNPs were chosen within the region (rs5916271, rs7049300, rs6638575, rs3810686, and rs1882260) indicated by a frame around the SNP. type which does not specify the phase [20] . The subjects' haplotypes with a confidence of 6 95% were included. For each polymorphism, the Hardy-Weinberg equilibrium was tested according to the method of Finniti [21] . The differences in allele distribution between different genders were assessed by the Monte Carlo method using CLUMP 2.3 with 10,000 simulations [22] . The variation in the quantitative traits of psychometric scores was compared according to genotypes and haplotype combination using ANOVA yielding an F test. Statistical significance was referred to as p ! 0.05. The multiple test correction was performed in haplotype analysis using the Bonferrioni method.
Results
Subject Characteristics
There were 351 children (175 girls: 9.29 8 2.26 years; 176 boys: 9.29 8 2.25 years) who had the integrated genotyping data and the cognitive ability performance available at the time of the study. The KolmogorovSmirnov test indicated that the cognitive performance ability conformed to a normal distribution among boys and girls. In addition, the F test showed that the boys' average PO performance was significantly higher than that of the girls ( table 2 ) . This may be attributed to the gender difference in WISC scores for children [23] and the educational disadvantage condition for girls in this specific region [24] . It was reported that boys have a better PO performance than girls and more educational advantage in this Qinba region.
The Allelic Distribution of Target SNPs
The allelic distribution of target SNPs is described in table 3 . Because NLGN4 is located on the X chromosome, boys have only 1 copy of each SNP allele and therefore the Hardy-Weinberg equilibrium is only valid in girls. Five 
Genotypic Effects on Cognitive Performance
In table 4 , we discuss the effects of the SNPs presented in NLGN4 on the scores of the C-WISC. One-way ANO-VA was performed to determine whether the genotypes and alleles of single SNPs affected the cognitive abilities ( table 4 ). We observed that 2 of the SNPs had significant effects on the performance of boys. For rs5916271, the average VC performance of the X C carriers boys were significantly higher than that of non-carrier boys (102. 43 However, no other significant differences were found in the 5 SNPs among the girls (data not displayed).
Target Haplotype Effects on Cognitive Performance
Five SNPs were located in 1 identified block with strong linkage disequilibrium ( fig. 1 ) . Therefore, the haplotypes in combination with rs5916271 and rs6638575 were estimated by the PHASE program. The subjects' genotypes were categorized into the haplotype X CA carrier (X CA+ ) and noncarrier (X CA-) groups ( table 5 ) . The effects of haplotypes on cognitive performance were evaluated using an ANOVA. The boys with X CA+ had a higher cognitive ability (including the g , VC, PO and MC) than the noncarrier ones (p ! 0.05). Also, no significant results were found among the girls.
Discussion
In the present study, 5 SNPs were chosen to assess the effects of the gene on cognitive ability in children from the Qinba region. The 2 target SNPs, rs5916271 and rs6638575, were detected using single-SNP genotype analysis. The boys, harboring the X C alleles of rs5916271 or the X A alleles of rs6638575, showed significantly higher cognitive performances as indicated by their g and VC scores (p ! 0.05) when compared to the others.
Most of the SNPs are bialleles. So their polymorphism information content is very limited. The haplotypes combined by 6 2 SNPs have a higher power to capture underlying causes than single SNPs [25] , but the multiple haplotypes may reduce the statistical power be- cause a large number of haplotypes need to be tested, thus increasing the number of degrees of freedom. Therefore, we only analyzed the effects of the target haplotype (X CA ) on cognitive ability. Our analysis suggested that the X CA+ carrier boys had significantly higher general cognitive ability g , VC, PO and M/C performances than the noncarriers. These results indicated that the genetic variants of NLGN4 may influence the boys' cognitive abilities.
Neurexins and NLGNs are thought to form proteins. By database analysis, Jamain et al. [26] indentified human NLGN4, which encodes an 873-amino acid protein containing a signal peptide, esterase domain, transmembrane domain and PDZ domain-binding motif. Massive reports indicated that, the mutations of NLGN4 can cause mental retardation, autism, Tourette's syndrome and attention deficit-hyperactivity disorder with or without deficient cognitive abilities by changing synaptic function [10] [11] [12] 27] . As a result, we reasoned that the genetic variants of NLGN4 may affect cognitive ability in humans.
Although the two target SNPs, rs5916271 and rs6638575, were synonymous SNPs and had no specific function, our results may indicate the underlying cause between the genetic variants of functional region of NLGN4 and personal cognitive ability. Moreover, we also analyzed whether or not the two SNPs were located near an mRNA splicing site through an in silico analysis using GeneSplicer Web Interface (developed by the Institute for Genomic Research (TIGR) http://www.cbcb.umd.edu/ software/GeneSplicer/gene_spl.shtml) [28] . We observed that they were not. Another possibility is that the target haplotype in combination with rs5916271 and rs6638575 may be in linkage disequilibrium and possess a function- al polymorphism located elsewhere in NLGN4 . These polymorphisms can influence the biological function of NLGN4 or the expression of NLGN4 . The effect of these possibilities mentioned above can account for the differences in individual cognitive ability, but further investigation is warranted. The effects of NLGN4 on individual cognitive abilities showed an obvious gender difference. It had a significant effect on the boys' cognitive performance when compared to the girls'. This may be due to two factors which should be taken into consideration. First, the NLGN4 gene is located on the X chromosome and is presented as a haploid allele in males. As a result, both genders may display the same allelic effect associated with the variants. Lawson-Yuen et al. [12] also observed this similar phenomenon, that is, a female who was a carrier of risk allele of NLGN4 had milder symptoms than that of a male. Second, population stratification is also an important element in this study. For instance, a significant difference in allelic distribution was found between both genders. Because all subjects were recruited from a closed and isolated region, we also compared SNPs alleles' frequencies between this study and the CHB sample. We did not observe a significant difference in the rs5916271 and rs6638575 SNPs. Therefore, this may suggest that gender differences may not result from the influences of population stratification.
There are several limitations to our study. The sample population was small for a genetic association study. In particular, our small sample population may not be sufficient for effectively analyzing every individual haplotype in our study. Additionally, the imbalance of allelic frequencies in the different SNPs between the genders may be a limitation. This may indicate that heterogeneity may influence the interpretation of our results in our sample. For future studies, a larger sample size and a targeted stratagem are needed. This may lead to the analysis of additional SNPs which can be used to further investigate the functional regions of NLGN4 .
In conclusion, our results indicate that the genetic variants located in NLGN4 can affect the cognitive abilities of boys' in the Qinba region of China. We further suggest that NLGN4 may be a candidate gene that plays a role in cognitive ability. Further work is required to investigate the mechanisms by which NLGN4 may affect individual cognitive ability.
